Introduction {#sec1-1}
============

Diabetes mellitus is one of the most common endocrine metabolic disorders, and its prevalence has been increasing worldwide.\[[@ref1]\] It was estimated that the prevalence of diabetes for all age-groups worldwide to be 2.8% in 2000 and will increase to 4.4% in 2030. The total number of people with diabetes is projected to rise from 171 million in 2000 to 366 million in 2030.\[[@ref2]\] Type 2 diabetes mellitus is the most prevalent form of the disease, occurring in 90-95% of all diabetic patients.\[[@ref1]\] Data suggest that the increases in prevalence and morbidity rate are attributed to changes in diet toward a western style eating pattern and to a greater extent with drinking and smoking.\[[@ref3]\] The prevalence of smoking among diabetic patients is probably around 25% in the United States and some countries in the Western Europe.\[[@ref4]\]

Several experimental studies\[[@ref5][@ref6][@ref7]\] have shown that smoking has negative effects on glucose and lipid metabolism in diabetic as well as in non-diabetic subjects. As a consequence, cigarette smoking is associated with worsening of the metabolic control in diabetic patients, as well as an increased risk for development of microvascular as well as macrovascular complications in diabetes.\[[@ref7]\]

Moreover, data also suggest that there is a higher incidence of pathology in the oral tissues of diabetic patients with smoking habits, where gingivitis, periodontitis, candidiasis, and other mucosal manifestations have been reported.\[[@ref8]\] It has been also shown that cigarette smoking\[[@ref9]\] as well as diabetes mellitus\[[@ref10]\] can produce cytomorphometric alterations in oral epithelial cells with the significant increase in the nuclear area (NA) and significant decrease in the cytoplasmic/nuclear ratio in comparison to healthy control. However, the synergistic effect of tobacco smoking and diabetes on the morphology of gingival epithelial cells has not been explored until date. Therefore, the present study was undertaken to investigate the effects of diabetes, and the synergistic effects of smoking and diabetes on cytomorphometry of gingival epithelium using the exfoliative cytology technique. The parameters used to measure cytomorphometric changes were nuclear area (NA), cellular area (CA), and nuclear/cellular ratio (N/C). Comparisons were made between type 2 diabetic subjects and type 2 diabetic subjects with smoking habit and normal healthy subjects.

Materials and Methods {#sec1-2}
=====================

The study group consisted of patients diagnosed with type 2 diabetes with or without history of smoking. Healthy subjects with no history of smoking or diabetes served as the control group. Thirty male subjects ranging in age from 40 to 60 years were selected randomly from the outpatient department (OPD) presenting to, dental hospital. The subjects were assigned to one of the three groups consisting of ten subjects in each group.

Group A: Subjects were diabetic with no history of smoking.Group B: Subjects were diabetic with history of smoking.Group C (control group): Subjects were non-diabetic with no history of smoking.

All the subjects participated in the study after signing an informed consent form. A comprehensive proforma was also completed detailing name, age, occupation, ethnic group, the number of cigarettes consumed, duration of smoking, presence or absence of alcohol ingestion, ingested alcohol dose and frequency of consumption, smoking status (current/ever/never) at time of diagnosis of diabetes, and relevant medical history. Committee of Ethics in Research at Dental College approved the experimental protocol of the present study.

Subjects with anemia, systemic disease, clinically apparent oral mucosal lesions and previous benign or malignant lesions were excluded from this study. In addition, patients who had drunk any alcoholic beverage more than one glass a week for the last 20 years were not included in the study. Each patient underwent hemoglobin and full blood count estimation as an initial test to detect cases in which anemia might be present.

Subjects belonging to experimental group (group A and B) were assessed for their diabetic status by reviewing medical records for glycosylated hemoglobin (HbA1c) levels. The HbA1c was considered valid when the record was within the past one month. Random blood sugar was also measured to know the current status for each diabetic patient attending the dental clinic. Diabetic subjects who have other systemic diseases or taking medications other than the diabetic medications were excluded.

Diabetic smokers were defined as those individuals who were diagnosed for diabetes and smoked over 20 filtered cigarettes or more per day for at least 15 years. Smokers were selected according to pack years of smoking. One pack year is equal to 20 cigarettes smoked per day per year. Subjects with history of greater than 15 pack years of smoking were included in the study. Cases with history of unfiltered cigarette, cigar, hookah or beedi smoking, naswar intake, and tobacco chewing in any forms were excluded, because of concentration variation, which may affect the gingival mucosal cells with different intensity. Non-smokers were defined as people who have never smoked.

Collection of smears {#sec2-1}
--------------------

Before collection of smears, all the included subjects underwent scaling and root-planning for full mouth and were recalled after 2-week intervals. After 2-week interval, the overall oral hygiene and clinical inflammatory status of the gingiva were assessed by one of the investigators (PVP) by the established gingival index.\[[@ref11]\] If found satisfactory, then the subjects were instructed to rinse their mouth thoroughly with normal saline (0.9% sodium chloride). The gingival mucosa was dried with gauze swab to remove surface debris and excess saliva. A sterilized disposable proxabrush (STIM^®^ Interprox Brushes, DENT--AIDS, New Delhi, India) was used to scrape the attached gingiva in upper anterior region. Scrapings were smeared on to the slide. A minimum of four smears samples were taken from each subject that would be sufficient to give 200 cells per subject (50 cells per smears). In order to gather cells from all the layers of the epithelium, a moderate pressure was applied while taking the smear. Collected smears were immediately fixed using spray fixative (RAPID PAP^®^ Spray fixative, Biolab Diagnostics (I) Pvt. Ltd., India) to avoid air drying. Papanicolaou technique (RAPID PAP^®^ stain, Biolab Diagnostics (I) Pvt. Ltd., India) was used to stain the smear. Stained smears were examined under a microscope equipped with a 40× objective (Olympus WPlanFL 160/0, Tokyo, Japan) and a 2.25x video projection lens (Nikon CCTV/Microscope Adapter, Yokohama, Japan). The received images were transmitted to a video camera (CCD 72; Dage MTI, Michigan City, IN) for display on a video monitor (Sony Trinitron, Tokyo, Japan). A screen shot of each slides were captured, saved, and transferred to the computer for image analysis.

Cytomorphometric analysis {#sec2-2}
-------------------------

Two hundred cells per subject that were unfolded with clear outline were selected for the study. Cells were analyzed for cellular area (CA), nuclear area (NA), and nucleo-cellular (N/C) ratio using computer software (SCION image for window v. 4.0.3.2, Scion Corporation 82 Worman\'s Mill Ct., Suite H Frederick, MD 21701). The sampling was done in a stepwise manner, moving the slide from left upper corner to right and then down in order to avoid measuring the same cells again. For measurement, the software was calibrated and scale setting was changed from square pixels to square micrometers (μ^2^). The instructions were followed as given in the manual of the software for measuring the cell sizes. The nucleus and cell outline was traced using a cursor on the screen, and the software automatically calculated the cell and nuclear area in square micrometers \[[Figure 1](#F1){ref-type="fig"}\]. The nuclear/cellular ratio (N/C) was calculated then after manually by a digital calculator. Finally, all the recorded data were subjected to statistical analysis.

![Screen-shot demonstrating the measurement of nuclear area using computer image analysis software](JCytol-30-109-g001){#F1}

Statistical analysis {#sec2-3}
--------------------

The study involved multiple groups; therefore, one-way ANOVA (analysis of variance) was used for comparing the parameters for multiple groups. Comparison of the mean nuclear, cellular area, and mean nuclear/cellular ratio values between groups was made using multiple comparison tests by Tukey-HSD procedure. The results were reported as mean ± standard deviation. The *P* \< 0.05 was considered to be significant.

Results {#sec1-3}
=======

Thirty subjects with age ranging from 40--60 years (mean age 50 ± 6.6 years) years were enrolled in this study. All the subjects were male and shared the common geographic habitat for more than 25 years of their lives. No ethnic/race discrepancy was present between all the included subjects. The diabetic patients either were taking oral hypoglycaemic agents only or combined with insulin. The duration of the diabetes in experimental group ranged from 2 to 14 years; their mean level of random blood sugar (RBS) and glycosylated hemoglobin (HbA1c) were 170.35 ± 70.43 mg/dL and 8.69 ± 1.48%, respectively. The duration of the smoking habit in the diabetic patients ranged from 15 to 30 years. Four out of ten smoker diabetic patients (group B subjects) started smoking after their diagnosis of diabetic status, whereas remaining six patients were in smoking habits before their diagnosis of diabetes.

The stained gingival epithelial cells were observed for the cellular and nuclear characteristics. The nuclei of epithelial cells of healthy subjects were small and compact with no sign of morphological alterations, whereas the nuclei of epithelial cells of the non-smoker diabetic as well as smoker diabetic were found to be larger and more porous with sign of bi-nucleation and karyorrhexis.

Statistical analysis was carried out to find the difference between measured variables of different groups. The descriptive statistics is shown in [Table 1](#T1){ref-type="table"}. The result of one-way ANOVA showed that the difference in mean nuclear area F (2, 27) = 33.368, *P* \<0.001 and the difference in mean N/C ratio F (2, 27) = 22.792, *P* \<0.001 between the group were statistically significant, whereas the difference in mean cellular area across all the three groups was not statistically significant, F (2, 27) = 0.535, *P* = 0.592.

###### 

Descriptive statistics of the measured variable of the various groups

![](JCytol-30-109-g002)

Tukey *post-hoc* comparisons of the three groups for the difference in nuclear area indicated that the smoker diabetic (M = 84.49, 95% CI 74.26, 94.71) had significantly higher NA than the non-smoker diabetic group (M = 64.33, 95% CI 61.89, 66.76), *P* \< 0.001 and the control group (M = 44.31, 95% CI 39.51, 49.11), *P* \< 0.001, respectively. Comparisons between the non-smoker diabetic group and the control groups also showed statistically significant difference at *P* \< 0.001 \[[Table 2](#T2){ref-type="table"}\].

###### 

Tukey *Post-hoc* comparisons of the various groups
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Similarly, comparison of the three groups for the difference in nuclear: cellular (N:C) ratio indicated that smoker diabetic group (M = 0.026, 95% CI 0.023, 0.030), *P* \< 0.001 had significantly higher N: C ratio than the non-smoker diabetic group (M = 0.021, 95% CI 0.020, 0.023), *P* \< 0.001 and the control group (M = 0.014, 95% CI 0.0117, 0.0173), *P* \< 0.001, respectively, whereas the comparison of the three groups for the difference in cellular area was not statistically significant at *P* \> 0.05 \[[Table 2](#T2){ref-type="table"}\].

Discussion {#sec1-4}
==========

This study was undertaken to investigate the effects of diabetes, and the synergistic effects of smoking and diabetes on cytomorphometry of gingival epithelium using exfoliative cytology technique. The result showed that the mean nuclear area and mean N/C ratio of keratinocytes was significantly higher in experimental groups (non-smoker diabetics and smoker diabetics) when compared with the control group.

The observed cytomorphometrical changes in the experimental groups can be attributed to the increased cellular age in patients with diabetes. Decreased cellular turnovers might be a secondary reaction to ischemia caused by atherosclerosis in diabetic patients. Thus, as a result of ischemia, cellular turnover would decrease and limited production of young cells would mean that the majority of cells are old or aged.\[[@ref12]\] Further, there is one more mechanism as suggested by the Zimmermann and Zimmermann,\[[@ref13]\] that is, the difference in cytomorphometry of oral mucosa may be related to difference in recovery rate of keratinizing cells of the oral tissue following systemic endocrine disorder like diabetes.

Nutritional deficiencies have been also associated with changes in oral mucosa, similar to those noted in type 2 diabetic patients. Deficiencies of vitamin B12 and folic acid retard the synthesis of DNA, which is the core substance of cell nuclei, and hence may alter the size of nucleus and cytoplasm.\[[@ref10][@ref14]\] Although the qualitative and quantitative changes found in the oral smears of type 2 diabetic patients are features that point to malignancy, it can be differentiated from the latter by the altered N/C ratio and uniformity in the nuclear configuration.

Moreover, previous studies have also suggested that the inflammation is one of the factors that can increase NA and lead to a poorly preserved cytoplasm, but these characteristics are typically found only in young cells and are not representative of cellular atypias.\[[@ref10][@ref14]\] In this study, we performed a thorough scaling and root-planning to control the inflammatory factors. Moreover, we took the smears from attached gingiva of upper anterior teeth region to reduce the effect of localized inflammation on our results. We also detected a range of cellular age in the smears, and cytomorphometric alterations were generalized rather than restricted to a certain generation of cells, suggesting that the changes we observed are not just related to inflammation.

On comparing our result with the published results, our result confirms the findings of Alberti *et al*.\[[@ref10]\] and Shareef *et al*.\[[@ref15]\] who investigated the effects of type 2 diabetic mellitus on oral epithelial cells. Both the authors reported a similar nuclear enlargement, karyorrhexis, bi-nucleation and poly-morphonuclear leukocyte infiltration with a significant increase in the nuclear area with no significant difference in cellular area between type 2 diabetics and the control group. There was also a decrease in the cellular/nuclear ratio in type 2 diabetics. Our result is also in agreement in part with Jajarm *et al*.\[[@ref16]\] in terms of NA increase and C/N (cellular/nuclear ratio) decrease in the diabetic group, whereas, opposite to our results Jajarm *et al*.\[[@ref16]\] reported CA increase in the diabetic group when compared to control groups.

Although, in this study, we did not find any sign of candidal infection on any of the smears, the data suggest that the diabetes patients are at high risk of candidal infection due to the immunocompromised state.\[[@ref17]\] Moreover, data also suggest that the morphology of non-diabetic candida-infected oral epithelial cells is quite similar to the oral epithelium of the diabetes. In this regard, Loss *et al*.\[[@ref18]\] demonstrated that the cellular area (CA) of the candida-infected epithelial cells was diminished compared to the non-infected controls. In addition, there was an augmentation in nuclear area (NA) and N/C area ratio. Thus, we can assume that diabetic patient with concurrent candidal infection will exhibit more pronounced changes in the size of the oral epithelial cells compared to non-candidal infected diabetic patients.

Our result showed an increase in mean nuclear area and mean N/C ratio of keratinocytes in diabetic with history of smoking but with no significant variation in CA between the groups. Data suggest that the effect of smoking on cytology of the oral tissue is similar to the diabetics. Ogden *et al*.\[[@ref19]\] revealed that the cytomorphometric changes in the buccal mucosal cells of cigarette smokers are similar to those noted in diabetics. This finding is also supported by Ramaesh *et al*.\[[@ref9]\] where quantitative changes found in the buccal mucosa of smokers were attributed to the presence of larger numbers of non-keratinized cells of the parabasal layer. The cells were relatively smaller but have larger nuclei that gave an impression of nuclei enlargement and decreased C/N ratio similar to the changes seen in type 2 diabetic patients.

Our result showed that the cytomorphometric effect was more pronounced in smoker diabetics when compared to the non-smoker diabetics and control groups. However, the synergistic effect has not been explored until date, but the effect of smoking on the cytology of oral cells has been reported by the various authors. Our result is similar to the Ogden *et al*.\[[@ref19]\] who reported that there was a significant elevation in NA for smokers, but no significant variation in CA between smoker and non-smokers. Likewise, our result is also similar to the Ramaesh *et al*.\[[@ref9]\] who reported a significant increase in the NA of cells of smokers compared to non-smokers. Similarly, Einstein and Sivapathasundharam\[[@ref20]\] also demonstrated a significant reduction in cell diameter and increase in nuclear diameter in smokers and those with a combined habit of smoking and tobacco chewing, whereas, on the contrary, our result is not in agreement with result of Hillman *et al*.\[[@ref21]\] where they reported an increase in both nucleus size and cell size in smokers with oral carcinoma, but a decrease in cell size in patients who smoked more than 40 cigarettes a day.

Current data suggest that there is a risk of development of malignant or pre-malignant lesion in those patients, who have altered cellular pattern. Several cytomorphometric studies\[[@ref13][@ref19][@ref20]\] have demonstrated that CA was highest in normal mucosa, lower in dysplastic lesions and lowest in squamous cell carcinoma (SCCs). By contrast, NA was lowest in normal mucosa, higher in dysplastic lesions and highest in SCCs. These studies\[[@ref19][@ref20]\] have suggested that reduced nuclear size/area and increased cytoplasm size/area are useful early indicators of malignant transformation, and thus, exfoliative cytology is of value for monitoring clinically suspect lesions and for early detection of malignancy.

Oral cells for the present study were collected from the gingival tissue of anterior attached gingiva. Most of the published studies\[[@ref15][@ref16][@ref19][@ref20]\] have been carried out on the buccal mucosa, palate and tongue, which differ considerably from gingiva both morphologically as well as functionally. Gingiva is a keratinized tissue and is subjected to greater masticatory forces than other parts next to periodontal ligament. It is a region constantly subjected to the deleterious effects of plaque and calculus. The differences seen in gingiva when compared to other regions of oral mucosa may be the result of a cumulative effect of all these factors.\[[@ref22]\] Therefore, the cytomorphometrical evaluation of the gingival epithelial cells in the diabetic and/or smoker may provide a varied result from the other anatomic sites in the oral cavity. However, the gingival tissue has been extensively studied for the effect of diabetes when compared to the other oral sites. The biopsy specimen form the gingiva has been reported with the increase in thickness and hyalinization of small capillaries\[[@ref23]\] and thickening of the basement membrane\[[@ref24]\] in the gingival tissue.

In this study, N:C ratio appeared to be a suitable parameter, which accurately discriminated among the three groups of subjects. Similar observation is also reported by Franklin and Smith\[[@ref25]\] where they reported that the N:C ratio has the advantage of relating nuclear volume to cellular volume and possibly represents the significant changes that occur in the cell, more accurately at a morphological level.

Although our result demonstrated a significant cytomorphological changes in the gingival mucosa in diabetics as well as in diabetics with smoking habit, these observed alterations cannot be considered predictive or diagnostic for diabetes, because they are not unique to this disease. Therefore, studies with comparison to other conditions causing similar cytomorphometric changes are needed to determine the predictive value of this method. Moreover, this study is preliminary and the sample size was small, additional studies should be performed to elucidate the actual mechanisms involved in the oral mucosal changes induced by diabetes and/or smoking.

In summary, the results observed in this study might contribute to the general understanding of the alterations in the cellular pattern of gingival mucosa cells in diabetic patients. The result may also provide vital information of synergistic effect of smoking and diabetes to health professionals as well as another diagnostic tool for the verification of clinical diabetes.
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